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but insufficient data were available for
reliable statistical evaluation. Since these
early observations, a number of thorough
epidemiological surveys, both in the U.S.A.
(Malche and Gregorious, Publ. Hlth Rep.,
1948, 63, 1114, and Great Britain (Bidstrup
and Case, Br. J. indust. Med., 1956, 13, 260)
confirmed that there indeed existed an
increased risk of workers contracting lung
cancer, but the figures for the increased risk
varied from 28 times the expected (U.S.A.) to
3 times the expected (Great Britain).
Environmental surveys conducted in the
working environment showed the atmosphere
to be contaminated with a variety oftrivalent
and hexavalent chromium materials, all of
which were therefore suspect as aetiological
factors in the lung cancer risk. However,
animal experiments, using a range of chro-
mium containing materials, yielded results
which have failed to identify unequivocally
the carcinogenic agent(s).
In collaboration with the industry in
Great Britain, we have examined a variety of
chromium containing materials for carcino-
genic activity. The materials range from
early residue mixtures to pure hexavalent
salts. We used a test system in which
stainless steel pellets, loaded with test
material using cholesterol as a carrier, are
surgically implanted into the left bronchiolus
of rat lung (Kushner et al., Proc. Third natn.
Cancer Conf., 1957, 485).
Our results show that 2 pure medium-
solubility hexavalent chromium salts induced
squamous cell carcinoma, of the lung. These
tumours were similar to those produced by
3-methylcholanthrene in the same test
system. No bronchial tumours were seen in
rats exposed to any of the intermediate
residues, highly soluble hexavalent chromate
salts orthetrivalent chromium materials.
Among non-lung tumour bearing animals,
a statistically significant increase in the
incidence ofsquamous metaplasia was seen in
all groups of rats exposed to the pure hexa-
valent chromium compounds, but not in
those exposed to the residues (all low in
hexavalent chromium) or the trivalent
chromium compounds.
The mechanism of chromate carcino-
genesis is not understood but there is con-
siderable evidence to show that a high
proportion of organic carcinogens are muta-
genic in bacteria. We have tested a number
of hexavalent and trivalent chromium com-
pounds for mutagenic activity to determine
whether this correlation holds good for
inorganic compounds. Using a mutation
assay in E. coli WP2 (Trp- -> Trp+, ochre),
we observed significant levels of induced
mutation with medium solubility and highly
soluble hexavalent chromium compounds, but
none with soluble trivalent compounds
(Venitt and Levy, Nature, Lond., 1974, 250,
493). In a more sensitive pour-plate assay
system the hexavalent chromium salts of
sodium, potassium, calcium and zinc induced
up to 20-fold increases in the yield ofmutants
and again, trivalent compounds wereinactive.
An examination of the mutagenicity of
chromates in a series of DNA-repair mutants
of E. coli WP2 indicated that chromates do
not have an absolute requirement for
" error-prone " repair for mutagenic activity
and that excision repair does not significantly
alter the mutagenic response. It is probable,
therefore, that chromates are mutagenic by
base-pair substitution in bacteria.
There is no evidence to show that the
highly soluble chromate salts such as the
chromates and biochromates of sodium or
potassium are carcinogenic in animals or
man. We have only shown carcinogenic
activity for the medium solubility calcium
chromate and zinc potassium chromate.
It is of interest to note the findings ofthe
Industrial Injuries Advisory Council (Novem-
ber 1973) on the question whether lung cancer
in workers employed in the process of manu-
facture of chromate or dichromate from
ferrous chromite ore should be prescribed
under the Industrial Injuries Act 1965.
Their conclusions, based on epidemiological
and experimental findings, including those
reported here, were that " the evidence at
this time was not such as to satisfy all the
conditions for prescription laid down by the
Industrial Injuries Act". This is because it
is not possible, by pathological methods, to
distinguish between lung cancer caused by
occupational exposure and that seen in the
general population. This shows that neither
epidemiological nor experimental studies in
themselves can always resolve questions of
legal liability associated with occupational
disease.
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Marked variations in the incidence of
occupational skin cancer have occurred.
Cancer of the scrotum of chimney sweeps
only occurred in Great Britain, attributed to
the unique system of cleaning chimneys, the
type ofcoal in use and the preference for open
fires instead of stoves, and perhaps the
wearing of protective clothing. The occur-
rence of cancer of the scrotum in the mule
spinning of cotton was almost entirely a
British phenomenon and was completely
restricted there to the mule spinning of raw
cotton. No cases occurred in the use of
waste cotton-linters, although the machines
and the oil used were identical in both
processes. The difference was the require-
ment in the former that the temperature in
the workplace be above 80°F (26 7C) and a
somewhat slower spindle speed in the latter.
The absence of cases in the rest of the world,
except in British immigrants, could have
been due to slower spindle speeds, lower tem-
peratures and different oils. An increased
incidence in the engineering industry was
noted inthe Birmingham regionin Great Brit-
ain (Cruickshank and Squire, Br. J. indust.
Med., 1950, 7, 1).
A study of variations in incidence of
cancer of the scrotum has been made.
Waterhouse (Ann. occup. Hyg., 1971, 14, 161)
showed that the incidence of cancer of the
scrotum was 4 times as high in the Birming-
ham region as the South West Metropolitan
region and that in Birmingham 97% of the
cases were occupational and 85% due to oil.
Geographically an increased incidence has
occurred only in the Birmingham region and
in the valley ofthe Avre in the Haute Savoie.
The highest incidence has been among auto-
matic machine operators and in workers
using neat cooling oils. In the Birmingham
region there have been marked variations in
incidence according to the place of work.
For example, in one workshop employing 85,
16 cases of carcinoma of the scrotum as well
as of skin carcinoma oqcurred. Owing to
labour turnover each year it is not possible to
estimate the true incidence over the years,
but there was undoubtedly a high incidence.
In a similar neighbouring factory in the same
firm no cases have occurred over the same
period and a similar pattern of incidence
occurred in other workplaces. No relation-
ship was found between high incidence and
lack of cleanliness.
The increased incidence ofoil cancer in the
Birmingham region and the Savoy Alps may
have occurred to some extent because they
are centres for machine tools but they are not
unique centres in either Great Britain or
France and similar work without an increased
incidence is carried out in all industrial
countries. The excess of oil cancer in auto-
setters occurs because their groins may be
continually contaminated by neat cutting oil.
A comparison of work places, similar in all
respects for the incidence of oil cancer, failed
to find any causative factor. At the present
time the major factors in the marked vari-
ations in incidence have not been identified.
THE CARCINOGENICITY OF OIL
MIST. H. A. WALDRON, Department of
Social Medicine, TheMedical School, Birming-
ham.
There is no doubt that exposure to mineral
oil may induce skin tumours in susceptible
individuals but there is some controversy
regarding the carcinogenicity of oil mist
(Lancet, 1970 ii, 967). A preliminary study
ofa series ofmen with a first primary tumour
of the scrotum revealed an excess of subse-
quent primary tumours, notably of the
bronchus and digestive tract. (Holmes,
Kipling and Waterhouse, Lancet, 1970, ii,
214; Waterhouse, Ann. occup. Hyg., 1971,14,
161; Waterhouse, Ann. occup. Hyg., 1972, 15,
43). The present study has extended these
findings, particularly as they relate to
exposure to oil mist.
A total of 288 cases of scrotal cancer was
registered at the Birmingham Regional
Cancer Registry (BRCR) between 1936 and
1971 and in this group of men, 42 subsequent
primary tumours were registered between
1936 and 1972 (allowing for at least a one
year follow-up period). The expected num-
ber of second primary tumours was 17.11
(P < 0 001). Analysis of the sites of the
second primary tumours showed a significant
excess in the larynx, bronchus, lip, stomach
and skin. An examination was made of the
occupations of the cases and these were
divided into 4 sub-groups, those with
exposure to oil (162) those with exposure to
pitch and tar (36), those in whom exposure to
known carcinogens was uncertain (73) and
those whose occupation was unknown (17).
With 2 exceptions, the excess of second
primary tumours was confined to the group
with oil exposure (see Table I). The excep-
tions were that an excess of skin tumours was